T raumaTic subdural hematomas (SDHs) are a common pathological entity in neurosurgical practice. Between 12% and 29% of patients admitted with a severe traumatic brain injury (TBI) have an acute SDH. When combining all patients with TBI, 11% present with an SDH. 10 Acute traumatic SDH has been traditionally considered a lesion that should be treated surgically, although some might be approached conservatively. In a study by Wong, 17 a midline shift greater than 5 mm in patients with a Glasgow Coma Scale (GCS) score below 15 was associated with deterioration and the need for surgical evacuation. In another study, 11 it was the initial thickness of the SDH that was predictive of the need for surgery, with all SDHs greater than 10 mm in thickness requiring surgical evacuation. Based on these findings, Servadei et al.
SDH for nonoperative treatment. All the selected patients had an SDH thickness of less than 10 mm and a midline shift of less than 5 mm. The selected patients were also clinically stable or improving, and had no intracranial hypertension. Despite this selection, Servadei et al. found that 13% of the patients deteriorated and required delayed surgery, because of worsening intracerebral hematomas and high intracranial pressure (ICP).
The current Brain Trauma Foundation guidelines 3 regarding the treatment of traumatic SDH were based on these studies. The guidelines therefore state that 1) any SDH with a thickness greater than 10 mm or associated with a midline shift of more than 5 mm on CT scans should be surgically evacuated regardless of the GCS score; 13 and 2) a smaller SDH associated with a GCS score of less than 9, along with one of the following criteria-a 2-point decrease in the GCS score, an ICP higher than 20 mm Hg, or signs of herniation (pupillary asymmetry)-should be surgically evacuated.
When applying these guidelines, there is to our knowledge no information in the literature on how many acute traumatic SDHs are selected for conservative management. There is also no information on how many will require an eventual surgical intervention, apart from the study by Servadei et al., 12 which included only 15 patients, all of them comatose. The risk factors for such deterioration are also largely unknown.
The purposes of this study were 1) to establish what proportion of patients are initially treated conservatively; 2) to determine what proportion of patients will deteriorate and require surgical evacuation; and 3) to identify risk factors associated with deterioration.
methods patient population
The Montreal General Hospital, part of the McGill University Health Centre, is 1 of only 3 adult tertiary (Level 1) trauma centers serving the province of Quebec, Canada, which has a population of almost 8 million people. Based on the "Institut de la Statistique du Québec" and the Provincial Ministry of Health statistics database, the adult population served by our institution was 1,125,425 in 2006. 6 
selection criteria
The Montreal General Hospital Traumatic Brain Injury Database and the Trauma Registry Database were used to identify all patients admitted between January 1, 2006, and November 30, 2009, with a diagnosis of traumatic SDH. We performed a retrospective study of the charts and initial CT scans in all 992 patients identified, to include all those with an acute traumatic SDH. The McGill University Health Centre Ethics Review Board and the Director of Professional Services approved this study, and the informed consent requirement was waived. Patients were excluded from data collection and/or analysis for the following reasons: 1) the SDH was not traumatic; 2) the SDH was not acute; 3) there was no SDH (incorrectly coded); 4) patients arrived moribund and were treated only with comfort measures; or 5) charts were missing or incomplete after multiple attempts to locate them.
management of traumatic sdh
All patients with a traumatic SDH were initially evaluated by a trauma team, and subsequently by the neurosurgery service. Patients requiring immediate surgery according to the Brain Trauma Foundation guidelines were directed to the operating room. Therefore, patients with a symptomatic SDH greater than 10 mm in thickness and/or with an associated midline shift greater than 5 mm, with decreasing GCS score or showing signs of herniation, or with increased ICP in relation to the SDH were treated surgically. According to the guidelines and to the attending neurosurgeon's clinical judgment, patients with small SDH, patients with asymptomatic SDH, or very elderly patients with minimal symptoms were treated conservatively. All patients treated conservatively were admitted to the intensive care unit under observation. All patients with a GCS score of 8 or less and an abnormal scan had an ICP monitor placed, according to the Brain Trauma Foundation guidelines. 2 Appropriate measures to lower the ICP once it exceeded 20 mm Hg were administered as indicated, including sedation and analgesia, head of bed elevation, CSF drainage, hyperosmolar therapy, and in some cases barbiturate coma to induce a burst-suppression pattern on the electroencephalography approximately every 10 seconds and/or decompressive craniectomy. Prophylactic anticoagulation was initiated in nonambulatory patients 48-72 hours after the trauma, provided there was stability of the intracranial hemorrhagic lesions on 2 consecutive CT scans. 
data collected
The proportion of patients treated with urgent surgical evacuation and conservatively was calculated. The proportion of patients initially treated conservatively and later requiring a surgical intervention was then calculated, as well as the rationale for delayed surgical evacuation. Data collected as independent variables included the following: 1) demographic data: age and sex; 2) injury-related data: initial GCS score, mechanism of injury, multiple traumas versus isolated head injury, and Injury Severity Score (ISS); 1 3) patient history: a history of falls, alcohol abuse, and intake of blood-thinning medication prior to admission; 4) medical information: presence of coagulopathy on initial assessment and within the first 24 hours after admission, and administration of blood-thinning medication postadmission (prophylactic anticoagulation, therapeutic anticoagulation, or antiplatelet medication); 5) any other neurosurgical interventions (excluding external ventricular drain insertion) that took place; and 6) imaging characteristics on CT scans: SDH maximum thickness, midline shift, location (convexity, parafalcial, tentorial, or posterior fossa), presence of other traumatic intracranial findings, presence of brain atrophy as calculated by the bicaudate ratio (BCR) 4, 15 and the sylvian fissure ratio (SFR) 15 ( Fig. 1) , and presence of chronic white matter disease.
outcome measures
The primary outcome measures were as follows: 1) the percentage of conservatively treated patients who required eventual surgical evacuation of their SDH; 2) the timing of that delayed surgery; 3) the reason for this delayed surgical evacuation; and 4) the method used for surgical evacuation. Secondary outcome measures were the Glasgow Outcome Scale (GOS) score 7, 8 at discharge from the acute care hospital, and whether the discharge destination was home or another medical facility. The GOS score was always assigned according to a consensus within the multidisciplinary team at discharge from the acute care hospital.
statistical analysis
Descriptive statistics were reported for all variables as means and standard deviations for numerical variables, and as percentages for categorical data. Bivariate differences between surgery and nonsurgery groups were assessed using chi-square tests for categorical variables, t-tests for numerical data (with or without Satterthwaite correction for inequality of variances), and Wilcoxon rank-sum test for count variables or numerical variables with severe asymmetry. To determine which factors were significantly associated with a surgical intervention, a backward logistic regression was used (with the p value for removing variables set at p > 0.05). Following logistic regression, a resulting receiver operating characteristic (ROC) curve was produced and the area under the curve (AUC) was calculated as a measure of the model's usefulness. Statistical significance was set at p < 0.05. All analyses were done using Stata version 12.1 software (StataCorp).
results
The Montreal General Hospital's TBI and trauma registry databases contained 992 charts coded as "traumatic SDH." One hundred twenty-three patients were excluded; see Fig. 2 for the details of the exclusion process. In total, there were 869 patients treated for acute traumatic SDH during the 4-year period at our institution, and 646 (74.3%) of them were initially treated conservatively.
Need for delayed surgical evacuation and timing
Of the 646 patients treated conservatively, only 6.5% (n = 42) required a delayed surgical intervention to evacuate the SDH. In most cases, the reason for surgery was a progression of the SDH size with accompanying symptoms (31 of 42 patients; 73.8%). In the remaining cases, the rationale for a surgical intervention was the development of intracranial hypertension (10 of 42 patients; 23.8%) or status epilepticus (1 of 42 patients; 2.4%). Nine of the 10 patients requiring intervention for intracranial hypertension underwent large decompressive craniectomy along with SDH evacuation. One patient had a massive sudden rehemorrhage 15 days after an initial small (6-mm maximum thickness, no midline shift) SDH. This particular patient died before having a surgical intervention. Therefore, 5% of conservatively treated patients experienced significant rebleeding (needing surgery or resulting in death). The delay before surgery was asymmetrically distributed, with a median of 9.5 days, an interquartile range between 4 and 18 days, and a total range between 1 and 170 days. Ninety percent of the patients had their surgery within 43 days of the trauma. Those who underwent surgery for an increased ICP were operated on earlier, with a median time of 3.5 days compared with 14 days for those who had a progression of their SDH (Wilcoxon rank-sum test; z = 3.698, p < 0.001). Figure 3 gives the distribution of the delay until surgery.
Factors associated with the Need for delayed surgical intervention
Bivariate associations between the occurrence of late surgery in patients who originally were conservatively treated and predisposing factors were investigated. Table  1 lists all the factors, the statistical tests used for each, and the associated p values.
Factors significantly associated with failed conservative treatment include history of alcohol abuse, history of multiple falls, and thickness of the main SDH (in the cases where there was more than one location, the largest one was used). Figure 4 shows the distribution of the thickness of the main SDH for the whole sample. Similarly, the midline shift was significantly greater in the surgery group compared with the nonsurgery group. The location of the main SDH was also significantly different between the groups; in 100% of all patients with a delayed surgery the main SDH was located in the convexity.
There was no age difference between the group of patients who had surgery and the group without surgery. On the other hand, there was a significant age difference (Wilcoxon rank-sum test; z = 4.196, p < 0.001) between those who had a delayed surgery for progression of their SDH (68.8 ± 14.4) compared with those who had high ICP (36.7 ± 13.6). There were no sex differences between the 2 groups. The mechanism of trauma was not significantly different between the groups either; in both groups, the most common mechanism of accident was fall from the patient's own height. The initial GCS and the ISS values were not significantly different between the 2 groups. The proportion of multiple traumas was not significantly different between the groups either, and there were no significant differences in the use of blood thinner before or after the trauma.
In the group that required surgical intervention, 52.4% received venous thromboembolic prophylaxis within 3 days of the admission, compared with 44% of the group that did not require surgery. No patient in the surgery group received therapeutic anticoagulation, compared with 2.2% of the patients in the nonsurgical group. Therapeutic anticoagulation was initiated on average 10 days after the admission. Antiplatelet therapy was initiated in 2.4% of the surgical group patients, compared with 5% of the nonsurgical group patients, with a mean delay of 10 days postadmission. There was no significant difference in the rate of abnormal coagulation between the 2 groups.
Although none of the patients in this sample had early surgery for their SDHs, some had other intracranial interventions like repair of depressed skull fractures, craniotomy for evacuation of epidural hematoma, or intraparenchymal hematoma, and so on. The percentage of patients having undergone previous intracranial interventions in the group with delayed SDH surgery and in the group without delayed surgery was not significantly different. The percentage of patients with more than one SDH was not significantly different between the groups. Also, the percentage with white matter disease was not significantly different between the groups. Both the SFR and the BCR showed a slight asymmetry in their distribution (Fig. 5) . The SFR score was not significantly different between the groups. The BCR score was not significantly different between the groups either, although it did approach statistical significance (p = 0.052).
prediction of delayed surgery
A multiple logistic regression was done to determine which of the measured variables could help predict the need for delayed surgery in patients with SDH. Using the variables that were significant at p < 0.20 in the bivariate associations described above (age, GCS score, previous fall, history of alcohol abuse, multiple traumas, location of main SDH, thickness of SDH, number of SDHs, and BCR), we performed backward elimination to obtain a predictive model containing only variables significantly associated with the outcome at the p < 0.05 level of significance. Because midline shift is a criterion often used by itself to determine the need for delayed surgery, we first compared the AUC for a model containing only midline shift as a predictor with the AUC for a model containing other significant predictors. This allowed us to compare the relative usefulness of the 2 models, and then a combined model was done to create the most complete predictive model.
The model containing only "midline shift" as a predictive variable had an AUC for the ROC curve of 0.772. The odds ratio associated with midline shift was 1.60, indicat- ing that for every 1-mm increase in the midline shift, the odds of surgery increased by 66%. The final model containing the other predictive variables is described in Table  2 . The AUC for the ROC curve for this model was 0.780, which is similar to that of the univariate model containing only midline shift. In this model, a history of alcohol abuse doubles the odds of delayed surgery. We also see that for every increase of 1 mm in the thickness of the SDH, the odds of surgery increased by 16%. If we combine the 2 models, in the resulting model (described in Table 3 ) the AUC climbs to 0.855, indicating that the model containing more than the midline shift is a better predictor of delayed surgery than the one with the midline shift variable alone.
outcome at discharge
In total, 76.7% of the patient cohort achieved a good outcome (GOS Score 4 or 5). An ordinal logistic regression was done to determine the odds of having a better outcome (a higher score on the GOS) whether or not the patients had delayed surgery. Those who had delayed surgery were approximately 2 times less likely (OR 0.488) to have a better outcome than those without delayed surgery. The percentage of deaths is similar in the 2 groups, but there seems to be a higher proportion of patients with severe disability in the group with surgery. None of the patients in the delayed surgery group had a GOS score of 5 at discharge. On the other hand, the only 5 patients who were discharged in a vegetative state were in the nonsurgery group. Table 4 depicts the outcome according to the GOS score for each group.
discussion
Our study is the first to look at the outcome of nonsurgically treated traumatic SDH since the publication and application of the Brain Trauma Foundation guidelines. It shows that the majority of acute traumatic SDH cases are actually initially treated conservatively, with a proportion of 74.3%. Our study also shows that for this large group of patients, only 6.5% experienced a deterioration of their condition that required a surgical intervention. For most patients (73.8%), the late intervention was due to an increase in the SDH size over time, whereas for the remaining patients an increasing ICP (23.8%) or status epilepticus (2.4%) led to the surgical intervention.
The deterioration occurred at a median of 9.5 days after the trauma, yet in many instances the deterioration occurred in a very delayed fashion (months). Bivariately, the risk factors of deterioration were the measures associated with the SDH size and mass effect (larger SDH and greater midline shift), the history of repetitive falls, alcohol abuse, and lesion location at the convexity. The finding that larger SDHs with worse mass effect are at higher risk correlates with the results from the studies by Mathew et al. 11 and Wong, 17 and is most probably due to the fact that there is less room for any deterioration, compared with a small hematoma without mass effect. The repetitive falls can play a major role in the delayed progression of the SDH, from repeated small traumas causing new hemorrhages. The fact that convexity SDHs are the only ones that required delayed surgery, and that none of the SDHs in a parafalcial, tentorial, or posterior fossa location progressed, is harder to explain. Delayed progression of SDH and formation of chronic SDH are thought to come from recurrent bleeding from the hematoma capsule. It is also believed that exudation from the macrocapillaries in the outer membrane plays an important role in the enlargement of hematoma. 14 It is not clear why those processes would be different for parafalcial and tentorial SDH, although a smaller number of bridging veins and less tension on them may explain the difference. Furthermore, the fact that there is less counterpressure from the brain in the convexity could predispose to the growth of SDH in that particular location. 9 Brain atrophy was not found to be an independent risk factor of SDH progression in our study. This finding is in contradiction with reports in the literature on the development of chronic SDH. Indeed, cerebral atrophy was found to be associated with the development of chronic SDH. 16 It is possible that our calculations of cerebral atrophy through indirect measures (CSF space rather than cerebral volume) might have been underestimations due to the space-occupying SDH. The administration of blood thinners was also not associated with an increased risk of deterioration. Bloodthinning medication was used in approximately half of the patients in both groups, and the blood-thinning medication most used was subcutaneous heparin or low-molecularweight heparin at prophylactic doses. Very few patients received therapeutic anticoagulation or antiplatelet therapy, and this low frequency may be an explanation for the lack of statistical significance.
When all the factors were considered together, the most significant predictors of late surgery in this population were midline shift, thickness of the main SDH, convexity location, alcohol abuse, and repetitive falls. The results of a predictive model with promising sensitivity and specificity point to the possibility of creating an algorithm that would help predict the risk associated with late surgery.
A good outcome was achieved in 77% of all patients who were initially treated conservatively. The GOS score was lower overall for those who eventually required surgery. This difference might be explained by the fact that these patients had a surgical intervention and had a larger hematoma. However, the GCS and ISS values were similar, suggesting that the 2 groups did not differ significantly initially in the severity of their trauma.
Although the Brain Foundation's surgical guidelines were followed, the surgical group had a mean SDH thickness of 8.1 mm. The majority of hematomas measuring more than 10 mm were seen in very elderly patients with little or no mass effect from those large hematomas. Another subset of patients with larger lesions had only focally large hematomas, and therefore had few or no associated symptoms. Those larger SDHs were therefore observed rather than surgically treated.
Smaller SDHs were also found on occasion to require surgical intervention, often in a very delayed fashion. These small SDHs were clearly not surgical candidates at presentation, yet did not evolve favorably by spontaneous resolution. Instead, they expanded, rehemorrhaged, and became chronic in nature and larger with time. They do not represent failed conservative treatment per se, and the operative treatment of the chronic SDH might have been a less morbidity-producing procedure than early evacuation of a very small acute SDH.
This study had some drawbacks. As with all retrospective studies, some data could have been missing or misinterpreted. A few charts could not be completed (missing parts or unavailable imaging). Some late deterioration could have been missed if the patient presented at another hospital or, worse, died. However, our institution is a Level 1 trauma center and all patients with traumatic injuries are referred to us, and followed by us, so only a very few cases might have been missed. Furthermore, the very large number of patients included should attenuate the effect of missing information in a few cases. Functional outcome was evaluated early in the evolution of the patients' lesions, and using only the 5-point GOS scoring system. Unfortunately, only the outcome at discharge is systematically calculated and recorded for all patients. This short-term outcome can underestimate the functional recovery of some of the patients in the long term.
conclusions
Most acute traumatic SDHs are managed conservatively, with 77% of the patients in this study achieving a good early outcome. Only a small proportion of the conservatively managed patients will deteriorate and require surgery. Patients with a larger SDH, a lesion located at the convexity, alcohol abuse, and repetitive falls have the highest risk for deterioration. Surveillance is recommended until resolution of the SDH, or at least up to 5 weeks after the trauma. 
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